This study was conducted to elucidate the effects of dietary phytic acid supplementation on organs and serum components in broiler chickens. A total of 30 1-day-old broiler chicks were divided into three treatment groups (n＝ 10, each). The control group was fed normal diet and the other groups were fed diet supplemented with 0.06% and 0.12% phytic acid for 30 days. No differences in body and muscle weights and 21 serum biochemical parameters were detected between phytic acid treatments and the control. However, abdominal fat weight decreased significantly with 0.12% phytic acid treatment (P＜0.05). Liver weight and certain serum lipid parameters changed slightly, although differences were not statistically significant. In addition, the correlation coefficient between abdominal fat and liver weights was 0.69 (P＜0.05) in the control group, whereas no significant differences were observed in the phytic acid fed groups. It is possible that phytic acid may affect lipid metabolism in liver and/or abdominal adipose.
Introduction
Phytic acid is a hexaphosphoric acid ester of inositol, a B vitamin-like molecule (inositol hexaphosphate; IP6). Phytic acid is contained at a proportion of 1%-3% by weight in all plant seeds, and is a component of dietary fiber (Reddy et al., 1982) . It is an insoluble fiber source, as it is naturally stored in plant tissues as the calcium and/or magnesium salt, phytate. The activity of phytase, the enzyme that hydrolyses phytate, is extremely weak in mammals and birds. Therefore, with the exception of ruminants, the phytic acid contained in cereals such as soybean, corn, and rice bran is unavailable for absorption in mammals and birds. Consequently, the undigested phytic acid is excreted and contributes to phosphorous pollution of the environment. Recently, experiments (Takemasa and Murakami, 1995; Takkemasa et al., 1996; Yonemochi et al., 2000 Yonemochi et al., , 2001 in which phytase was added to livestock feed to reduce excreted phosphorus were performed, and it was shown that pigs and chickens were able to convert phytic acid into available inorganic phosphorus, promoting the internal absorption of phosphoric acid.
On the other hand, many beneficial effects of phytic acid have been reported. Eaton (1985, 1993) and Vucenik and Shamsuddin (2003) reported that phytic acid reduced the risk of colon cancer. In addition, Graf and Eaton (1990) and Vucenik and Shamsuddin (2006) summarized that phytic acid showed antioxidant activity.
Although most reports have focused on the effects of phytic acid in the context of its antioxidant activity and colon cancer, a number of reports have shown significant effects in other diseases, such as the ability to enhance immunity (Johnson et al., 2000) , prevent kidney stone formation (Grases et al., 2007) , lower elevated serum cholesterol and hyperlipidemia (Jariwalla, 1999) , reduce pathological platelet activity (Vucenik and Shamsuddin, 2006) , and reduce tumor growth via angiogenesis inhibition (Vucenik et al., 2004) . Although phytic acid is thought to possess a variety of bioactivities, further experimentation is still required. Moreover, the majority of studies have focused on humans and few reports exists dealing with the effects of phytic acid in animals.
Currently, water-soluble phytic acid is commercially available, as it is used as an antioxidant and as a strong chelator in vegetable oil, where it acts as an inhibitor of alterations in color. It is also used as a food additive to regulate the pH of foods, improving the taste of foods due to its strong acidity. In this study, we administered a 50% water solution of phytic acid, which was adjusted to become water-soluble, to the feed of broiler chicks and examined the influence of phytic acid by analyzing body and specific muscle weights, liver and abdominal fat weights, and blood components.
Materials and Methods
The animal experiment was conducted in accordance with the guidelines of Tokai University, Japan.
Birds and Management
Thirty 1-day-old male broiler chicks (Chunky strain, Yamagata Hatching Center Co., Ltd., Kumamoto Branch, Japan) were used in this study. Chicks were divided into three groups of ten birds each. Birds in each group were housed in an electrically heated battery brooder and fed a commercial diet (1-21 days; CP 22.5%, ME 3100 kcal/kg diet: 22-30 days; CP 18%, ME 3200 kcal, Yatsushiro Shiryou Co., Ltd. Kumamoto, Japan, which is a subsidiary of Marubeni Nissin Feed Co., Ltd., Tokyo, Japan) and water ad libitum. The amount fed was based on the quantity of feed resulting in satiation, as previously determined by Khantaprab et al. (1997) . The total amount fed per animal was 2327 g in each group. Birds in groups A and B were administrated 0.06% and 0.12% phytic acid, respectively, for 30 days. Phytic acid was administered as paste bait. The control group was fed a normal diet, and distilled water was added to adjust for the phytic acid added to the experimental diet. Rice bran-derived phytic acid which was adjusted to solution 50%, was purchased from Tsuno Food Industrial Co., Ltd. (Wakayama, Japan).
The environmental temperature was decreased weekly by two or three centigrade from 32-34℃, between 8 and 21 days of age. Chicks at 22 to 30 days of age were kept at room temperature (22-25℃). Chicks at 1 to 3 days of age were exposed to continuous daylight, and after 4 days, a 14-h light/10-h dark cycle (lights on 05:00-19:00) was employed. Relative humidity in the experimental room was maintained at 50%-70% throughout the experiment. This experiment was repeated twice and reproducibility was confirmed.
Sample Collections and Analyses
Body weight was recorded every 5 days. At the end of the experimental period the birds were sacrificed by decapitation. The heads and shanks were separated promptly and the chicks were skinned. The intestine was removed of digestive matter and then weighed as skinned weight (SW). Liver, abdominal fat and muscles were dissected and weighed. The following muscles were dissected and individually weighed:
Musculus biventer cervicis, M. supracoracoideus, M. pectoralis, M. iliotibialis cranialis, M. iliotibialis lateralis poatacotabularis, and M. flexsor cruris lateralis.
Blood samples were collected from the wing vein of 30-day-old chicks and promptly cooled on ice. Serum was immediately separated by centrifugation at 4500×g for 15 minutes at 4℃. The levels of 21 serum components were determined by automated analyzers (BM9130, JEOL Ltd., Tokyo, Japan for lipid components; HITACHI 7600-300S, HITACHI Ltd., Tokyo, Japan for other components) at the Kumamoto Laboratory of SRL Co. Ltd., the clinical inspection organization. The serum components analyzed comprised total protein, albumin, A/G ratio, uric acid, glucose, amylase, aspartate aminotransferase (AST as GOT), alanine aminotransferase (AST as GPT), total bilirubin, triglyceride, total cholesterol, free fatty acid (FFA), phospholipid, HDLcholesterol, LDL-cholesterol, sodium, chlorine, potassium, phosphorus, calcium and iron.
Statistical Analysis
The data are expressed as means ± standard deviation. All data were analyzed by one-way ANOVA. Differences among the treatment groups were tested using Tukey's Honestly Significant Difference Procedure and differences were considered significant at P＜0.05.
Results
The total amount of ingested phytic acid per animal during this experiment (30 days) was determined to be 1396 μl in group A and 2792 μl in group B. Phytic acid was administered in the food as paste bait, and no differences in food intake were observed among the three groups. No abnormalities in appearance were observed under the above conditions. Furthermore, after sacrifice, no internal abnormalities were detected. Body, liver, abdominal fat, and muscle weights at day 30 (body weights are shown for both day 1 and 30) are summarized in Table 1 . The full body weight data was omitted from the table, as no differences were detected among groups. At the end of the experiment, no differences in body weights were detected between group A (1470 g), group B (1427 g), and the control group (1462 g). No significant differences were observed in skinned weights and muscle weights between groups. However, there was a significant difference (P＜0. 01) among groups fed phytic acid (group A: 19.0 g, 1.67 %SW and B: 17.1 g, 1.50 %SW) and the control (23.3 g, 1.96 %SW) in abdominal fat weight at 30 days of age. Both of actual measurements and equivalents (%SW) in abdominal fat weight of group B fed 0.12% phytic acid decreased significantly (P＜0.05). A similar result was obtained with respect to liver weights (control: 39.6 g, 3.35 %SW; group A: 37.9 g, 3.31 %SW; group B: 36.4 g, 3.33 %SW). However, ANOVA analysis did not indicate significant differences among groups. In addition, the correlation coefficient (r) between abdominal fat weights and liver weights was 0.69 (P＜0.05) in the control group, whereas no significant differences were seen in groups A (r＝0.07) and B (r＝−0.24).
Determinations of blood components are summarized in Table 2 . Significant differences were not observed in the levels of enzymes, proteins and certain organic substances essential for optimal health. Differences were also not observed in the levels of inorganic components, such as calcium and iron. However, slight differences were detected in some components related to lipid metabolism; total cholesterol in group A (130 mg/dl) was slightly lower than that of the control (140 mg/dl). A similar tendency was observed with LDL-cholesterol. FFA averages in groups A (611 mEq/L) and B (563 mEq/L) were lower than control (673 mEq/L); however, no statistical differences were observed.
Discussion
As growth of broiler chickens is rapid, they are ready for shipping at 50 days. Moreover, the feed conversion ratio at Journal of Poultry Science, 49 (2) this point becomes less than 2.0. However, as breeding strategies target rapid growth, pressure is put on the immature skeleton and physiological systems, and impairments occur. As a result, weak legs, a decrease in immune competence, fatty liver, and the accumulation of abdominal fat are remarkable.
Phytic acid is present in the seed coat of many cereals at approximately 1%-3% (weight) and at a high level in rice bran (9.5%-14.5%) in particular. Rice bran contains many phenolic compounds, polyphenols such as ferric acid, oryzanol, and tocopherol, which show antioxidant activities. Although phytic acid exhibits antioxidant activity, this substance includes inositol, a vitamin B-like molecule, and takes the chemical form of IP6. Phytic acid has recently attracted attention for its anticancer activity in colon cancer (Vucenik and Shamsuddin, 2006 ) Furthermore, its effects on Shibata et al.: Effect of Phytic Acid in Chickens the prevention of hyperlipidemia and fatty liver have been reported (Jariwalla et al., 1999; Katayama, 1999) . On the other hand, it is known that inositol phosphates are versatile molecules with important roles in the regulation of diverse cellular activities (Vucenik and Shamsuddin, 2006) . However, few reports have examined the effects of phytic acid in chickens. In this study, we examined the effects of phytic acid administration on various growth and serum biochemical parameters in broiler chicks.
The total doses of phytic acid administered for 30 days were extremely small; 1396 μl/animal in group A and 2792 μl/animal in group B. The dosages used were derived in reference to a report on rats (Onomi et al., 2004) , as there were no reports of phytic acid dosages in chickens. Phytic acid is strongly acidic; however, the small amount administered did not reduce the appetite of the chicks. Moreover, as phytic acid is a strong chelator, it has been implicated as the cause of mineral deficiency. In this study, serum calcium and iron levels were determined; however, no differences between groups were observed. No differences between groups were observed with respect to the levels of total protein, A/G ratio, blood sugar level, GOT, GPT, and other inorganic ions. Therefore, it was confirmed that the administration of low levels of phytic acid did not have adverse effects on the health of the chicks.
We assessed body weight every 5 days for the duration of the experiment. There were no differences in body weight among the three groups. Differences were also not observed between the three groups with respect to skinned weight and muscle weights. Therefore, this indicates that the phytic acid dosages in this experiment did not adversely affect the growth of broiler chicks. Although there were no changes in the health and growth of broiler chicks, the abdominal fat weight in chicks fed 0.12% phytic acid decreased significantly. Even if it was low-concentration phytic acid, it was shown that it is effective in decreasing abdominal fat weight. However, abdominal fat weight may be able to be further decreased by increasing the quantity of phytic acid. It is required to provide the optimal given dose of phytic acid from now on.
A similar, although not statistically significant, result was observed for liver weight. Additionally, although not statistically different, the lipid metabolism-associated parameters (serum triglyceride, total cholesterol, LDL cholesterol, and free fatty acid) showed slight alterations between the phytic acid fed groups and control. These results were expected, as the correlation coefficient between abdominal fat and liver weights was significant in the control group, and not significant in groups A and B. Onomi et al. (2004) noted that hepatic levels of triglyceride, cholesterol and lipogenic enzyme activities in rats were reduced with increasing dietary phytate levels (0.02%-5%); however, changes in serum components, like triglycerides, were observed only at a high level (10%). Jariwalla et al. (1990 Jariwalla et al. ( , 1999 ) also reported a similar result in rats. It is thought that avian lipid metabolism differs from that of mammals. For example, Fatty acid synthase as the key lipogenic enzyme exhibits low activity in chicken adipose (Gondret et al., 2001) .
In this study, as dietary phytic acid shows the effect of decreasing abdominal fat, it is possible that phytic acid may affect lipid metabolism in liver and/or abdominal fat in chicken. Therefore, it is necessary to elucidate the physiological role of phytic acid in lipid metabolism in avian liver and abdominal fat.
